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Abstract. In this work we examine two aspects of the PAGAT gel dosimeter. The first aspect 
studied is determination of a stable range of concentrations of the anti-oxidant Tetrakis 
Hydroxy Phosphonium Chloride (THPC). Once the desired THPC concentration is determined, 
we proceed to an investigation into the effect of pre-irradiation storage time and how this 
affects the dose response of the gel.  
1.  Introduction 
In earlier work, it was shown that the optimal concentration of Tetrakis Hydroxy Phosphonium 
Chloride (THPC) in PAGAT gels is approximately 5 mM [1]. Due to this relatively small 
concentration of THPC, inadvertent imprecision can occur in measurements during the manufacturing 
process and may cause a significant alteration in the sensitivity of the gel. For example, Venning et al 
showed that below 5 mM the dose response reduces rapidly with THPC concentration [1]; if the 
measurement of THPC was slightly below the intended amount it could lead to failure of the gel to 
respond sufficiently to radiation. We investigate concentrations above 5 mM to determine if there is a 
stable region where slight imprecision in measurements will not lead to a failure of the gel (albeit with 
a slight sacrifice of sensitivity). Once a stable concentration of THPC is determined, we investigate 
whether the PAGAT gel can be stored up to several weeks prior to irradiation and retain its usefulness 
as a dosimeter.  
2.  Method 
2.1.  THPC concentration 
To investigate the effect of THPC concentration on the dose response of PAGAT gel dosimeters, gels 
were manufactured based on Venning et al [1] formulation with varying amounts of THPC. The 
‘many vials’ method of irradiation has been shown to be of sufficient accuracy for the purposes of this 
measurement [2, 3], and hence the gels were poured into glass vials and refrigerated at 4◦ C for 24 
hours priors to irradiation. Each gel was irradiated to various doses utilizing a Gammacell 220 Co-60 
source with dose rate of 1759 Gy/hour. The irradiated gels were then refrigerated for 24 hours before 
imaging. Readout of the gels was performed using a MGS Research IQScan Optical CT Scanner. All 
acquisitions performed 360 projections over 180 degrees, A/D rate of 65000, and a field of view of 
110 mm.  
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2.2.  Temporal stability measurements  
A bulk batch (1 lit) of PAGAT gel dosimeter was manufactured according to method described by 
Venning et al [1], however THPC was not included. The bulk gel was then refrigerated in a large 
Pyrex container. At various times 250 ml of the bulk gel was extracted by placing the Pyrex container 
in a warm water bath until the gel melted. The extracted gel was then mixed with 8mM of THPC and 
after 24 hours the samples were irradiated using a Gammacell200 (Co-60) source. Imaging was 
performed for all samples in an MGS Research IQScan Optical CT Scanner at various post-irradiation 
times as shown in Table 1. 
 
Batch Time between gel manufacture and THPC 
addition 
Time between irradiation and 
scanning 
1 24 Hours 24 Hours 
49 Days 
2 28 Days 24 Hours 
Table 1: Time between gel manufacture and THPC addition 
 
3.  Results and Discussion 
3.1.  THPC concentration 
Figure 1 illustrates the dose response for PAGAT gels manufactured at different THPC concentration. 
Results show that at 4.46 mM the dose response is much less than for greater concentrations, which is 
consistent with the results of Venning et al. Analysis shows that the greatest response for the 
concentrations examined occurs at 5.10 mM, and with greater concentrations the expected decrease in 
sensitivity occurs. Importantly however, although there is a slight decrease in sensitivity when 
exceeding the optimal 5 mM concentration, this decrease is relatively small in comparison with the 
decrease shown when concentrations are below 5 mM. 
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Figure 1: Optical CT scanner signal measured for all THPC concentrations across a variety of doses 
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3.2.  Temporal stability  
Figure 2 shows the dose response of Batches 1 and 2, when imaged 24 hours post-irradiation. Lines of 
best fit are shown to guide the eye. It can be seen that the sensitivity of the gel is not significantly 
affected by the time between manufacture and irradiation (for these gels where THPC is added 24 
hours prior to irradiation), although there is an overall decrease in the optical CT response across all 
vials. 
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Figure 2: Dose response for PAGAT gel irradiated 1 day and 28 day post manufacture 
Figure 3 shows the results for Batch 1 when scanned 1 day and 7 weeks post irradiation. The dose 
response indicates that there is little change in the sensitivity of the gel over time post-irradiation, 
however there is an overall decrease in optical CT dose response.  
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Figure 3: Dose response for Batch 1 scanned 1 day and also 7 weeks after irradiation 
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4.  Conclusion 
The concentration of THPC in PAGAT gels indicate a slight decrease in the sensitivity of the PAGAT 
gel when increased above the recommended 5 mM level, however a much greater decrease occurs 
when decreasing the concentration below 5 mM, even slightly. Therefore, although 5 mM THPC 
concentration produces the greatest sensitivity, users can choose to sacrifice some of this sensitivity to 
avoid possible failure of the gel due to measurement inaccuracies during the manufacturing process. 
As a result, this group now manufactures PAGAT gels with 7-8 mM of THPC. 
Dose responses at different time of addition THPC to pre manufactured gel exhibits that gels can 
be stored without THPC in the mixture and THPC can be added 24 hours prior to irradiation. The 
advantage of this is that a large batch of PAGAT can be manufactured and stored for greater time 
efficiency, and users can simply extract the required amount of gel and add THPC 24 hours prior to 
use. 
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